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1) Validation of the Force Field
We tested the force field (FF) models used in this work by comparing the values of selected physical properties calculated with them with those obtained from ab initio calculations performed with the plane wave DFT code, Quantum Espresso (QE). 1 Structural optimisations were performed using the PBE functional 2 with DFT-D2 corrections 3 , ultrasoft pseudopotentials 4 and a plane wave energy cutoff of 70Ry. The Brillouin zone was sampled using the method developed by Monkhorst and Pack. 5 Table S1 shows that the FF gives values for the density and unit cell volume of aspirin and meloxicam that are in close agreement with the experimental values. The bulk moduli calculated with the force field are overestimated slightly, but this is not unprecedented for molecular crystals. 6 The cohesive energies and surface energies compare well with those obtained with DFT, however, and we are thus confident that this FF was sufficiently accurate to be used in the remainder of the investigation. 
3) Force Development During Indentation and Retraction
Further analysis followed that of previous works in indentation simulations, such as that of Landman et al. and other studies which concern atomic force microscopy (AFM) tips indenting surfaces. 8 In that, we recorded the development of the force in the direction of the indentation, with respect to both spheres simultaneously. This was achieved by calculating the average force along x experienced by the molecules with fixed positions at the rear of the clusters, on a per atom basis. The force was plotted versus the separation between the COM of the fixed layers of aspirin and meloxicam. Simulated indentations at lower rates naturally require longer simulation times and generate longer trajectories. Therefore, to retain consistency while reporting results, moving averages were applied to the raw data. The size of the moving average was set to the number of trajectory frames required for the COM separation to change by at least 2Å. As expected ( Figures S4 -S7 ) the force development profiles for aspirin and meloxicam are almost mirror images of each other. The slight differences between the profiles are most likely determined by the size, shape and packing of the molecules of each species. The profiles follow the same pattern of events for the two species. At stage 1 (red dashed lines), the force response shows a small attractive force, due to the initial van der Waals interactions between the spheres. As the indentation process occurs and we approach stage 2 (green dashed lines), of the simulations, the magnitude of the force experienced along x increases to ~6nN. Upon the reversal of the spheres' velocities the force decreases in magnitude, more rapidly than it had increased and begins to fluctuate with a value close to zero. The fluctuation around zero remains present as the simulation passes through stage 3, where the connective neck exists, and reaches stage 4, (blue and purple dashed lines respectively), where the spheres become separate entities once again. The hysteresis of the force loop is common of indentations. 8 Marx et al. stated in a recent review paper 9 that forces on the sub-nN scale are not to be unexpected for intermolecular interactions such as hydrogen bonding. However, the review is generally focused on mechanochemical simulations of single molecules or one dimensional polymer chains rather than clusters. Therefore, while working with hundreds of molecules of aspirin and meloxicam whose crystalline structures each exhibit hydrogen bonding, we were not surprised to observe a greater magnitude in the force when the systems were stressed by the indentation process. 
4) Transfer of Molecules Between Clusters and Connective Neck Analysis
Looking at stage 4 configurations, shown in Figures 2 (manuscript) , S1, S2, and S3, it appears that, in general, a greater amount of aspirin is transferred than meloxicam. We therefore counted the total number of molecules transferred as a percentage of the number of molecules that were allowed to move during the simulation. The histograms for meloxicam (red) and aspirin (blue) at stage 4 configurations all show two distinct sections for each species. Therefore, both of the sections were integrated separately and the smaller resulting value gave the number of molecules transferred to the opposing species. The sum of these two numbers would therefore give the total number of molecules transferred during the simulation. The percentage transfer of molecules is calculated as follows;
Where and are the numbers of molecules that have been transferred and the number of mobile molecules. 
Connective Neck Analysis
The length of the connective neck, , was measured in terms of the position of the centre of mass (COM) of all the fixed aspirin and meloxicam molecules in the clusters. It was defined as, = 4 -2 where and are the separations between COM at stages 2 and 4 respectively. The values of for all of the simulations 2 4 performed are reported in Table S3 . 
5) Local Heating Study
To test for the presence of localised areas of high temperature, we performed simulations of high energy impacts between a meloxicam cluster and the (100) surface of aspirin. The aspirin slab (3200 molecules) was generated from a 20x10x5 supercell which was annealed to half of the melting point for 0.25ns before equilibrating the system at 300 K for 1ns. The surface was subsequently opened and the system was equilibrated again at 300K for 1ns. The aspirin molecules that made the bottom layer of the slab were fixed in space. To measure the local temperature, the velocities of the aspirin molecules located within a hemisphere of 2.75nm diameter and centred on the slab surface (cyan region Figure S8 ) were monitored throughout the simulations. To complete the initial configuration for the impact ( Figure S8 ) the meloxicam sphere (302 molecules) was placed above the slab, leaving a 5Å gap between the cluster and the aspirin surface. High energy impacts were induced by augmenting the COM velocities of the molecules in the meloxicam sphere, to 8, 4 and 2ms -1 , in the X-direction at the beginning of the simulations. These simulations were performed in the microcanoncical (NVE) ensemble and allowed to develop for 1ns in order to monitor the temperature progression after the cluster-slab impact. The temperature profiles for each of these simulations is shown in Figure S9 , in which both the local (green) and the slab (black) temperatures are plotted. The local temperature profiles show slight variations in temperature, however they are much lower than would be predicted according to the magma-plasma model. 10 The temperatures of the full aspirin slab show a small increase of ~2.5K, in each simulation, whereas the local temperature was more prone to fluctuations due the smaller number of molecules within the spherical region. For the simulation at 8ms -1 , for example, the impact occurs at 62.5ps which is not evident in the temperature analysis ( Figure S9, a) . Instead the local temperature fluctuates around the temperature of the full aspirin slab, again showing an overall increase throughout the simulation. This remains true for the 4 and 2ms -1 simulations where the impacts occur at 125 and 250ps respectively. We decided to exaggerate the impact velocity and performed a simulation with an impact velocity of 32ms -1 , and again no significant rise in local temperature was observed ( Figure S10 ). Finally, a control simulation was performed to confirm that the ~2.5 K increase in slab temperature in each simulation was a result of the collision and not a random fluctuation. The control simulation started from the same configuration as that of the impact simulations and, as expected the cluster did not impact the surface. Again, we monitored both the local, and slab temperatures for a period of 1ns. Figure S11 shows no increase in either the local or the slab temperatures, thereby confirming that the 2.5K increase observed previously was caused by the impacts. Figure S9 . Plots comparing the temperatures of the aspirin (100) surface (black) and the localised region at the point of impact (green) for meloxicam cluster impact velocities of (a) 8ms -1 , (b) 4ms -1 , (c) 2ms -1 . Figure S10 . Plot comparing the temperatures of the aspirin (100) surface (black) and the localised region at the point of impact (green) for a meloxicam cluster impact velocity of 32ms -1 . Figure S11 . Plot comparing the temperatures of the aspirin (100) surface (black) and the localised region (green) when the meloxicam cluster does not impact against the surface.
